Introduction
Metal-organic frameworks were produced and characterized, for chemical characteristics and biological activity against human ovarian cancer cells. To fully understand the therapeutic efficacy and mechanism of action, Chinese Hamster ovarian model cells were used, in four broad steps: 1) the materials synthesis; 2) the structural characterization; 3) properties measurement; and 4) the efficiency of the theranostics analysis.
Nanotheranostics based treatment requires precise control of size and functionality of the nanomaterial, that exhibit the "nanotechnology advantage" of large surface area to volume ratio, controlled size, hydrophobicity and surface charge according to intended application made them valuable carriers for therapeutic drugs and genes (Liu, 2012) . (Invitrogen/GIBCO Life Technologies, Inc., Carlsbad, CA) supplemented with 10% heatinactivated fetal bovine serum, 100 units/ml penicillin, 100 µg/ml streptomycin, 1.4 mM Lglutamine, maintained at 35°C in an incubator having an atmosphere of 95% air and 5% CO 2 and 75% humidity. The cells used were in log-phase growth. The cells were examined by microscopy and a random selection of a membrane integrity assay for lactate dehydrogenase (LDH 
Results and Discussion
To construct polymeric coordinated network (PCN)-95for cancer theranositics, pyrene linkers that exhibit strong fluorescence was selected as the functional group. Thus 4, 4', 4'', 3, 6, The powder X-ray diffraction (PXRD, Fig. 2a ) study indicated that PCN-95 displayed an isoreticular structure of PCN-222 (P6/mmm space group with a = 39.3875(7) Å and c = 16.4829(3) Å, α = 90 °). The secondary building unit (SBU) is Zr 6 -octahedron which has eight µ 3 -OH covering all triangular faces, eight normal OH and eight carboxylates (Fig. 2b) . The dihedral angle between phenyl rings and pyrenes is 55.62 degree (Fig. 2c ). Each Zr 6 SBU connects eight TBAPy linkers while each TBAPy linker connects to four Zr 6 SBUs. Thus a three-dimensional (3D) framework is constructed with two types of one-dimensional (1D) channels running along c axis (Fig. 2c) . The large hexagonal channel has 30 Å diameters and the small triangular channel has 9 Å diameters. This structure is identical to [Zr 6 (µ 3 -OH) 8 (OH) 8 (TBAPy) 2 ] (NU-1000) reported by Hupp's group. 38, 39 Briefly, the PCN-95 were generated by a hydro-solvothermal approach to produce well-defined and highly crystallized coordinative compounds with a tetra-topic ligand as organic linker (Fig. 1d: ). The transmission electron microscopy (TEM) images of PCN-95 ( Fig. 3) indicate that the fabricated materials are rod-shaped crystals. 35 Three different formulations of PCN-95 motifs were tested against the A2780 cell lines (Fig. 4) with the ED 50 inhibition varying for each MOF and being approximately 10 µM for PCN-95b (MOF-2). Higher doses (>1 µM) were observed to be cytotoxic using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. 36 The TEM images show a control cell (left image) and a damage cell, in which extensive vascularisation is observed. Coupled with ED 50 data for A2780 cells, the mode of cellular inactivation appears to three-fold.
Stress on the plasma membrane, denaturation of the DNA, internal macromolecules, such as respiratory proteins and general ROS stress to the mitochondria, resulting in apoptosis.
Fig. 3
The TEM analysis of PCN-95 to determine its morphology The mode of cell activation for PCN was further investigated by co-incubation of the MOF with specific agents whose mode of action was known (Fig 7) . These agents were grouped into two broad class or classes with methylene blue as the standard singlet oxygen generator, or oxypurinol as an inhibitor of xanthine oxidase that is capable of synthesis in the cytoplasm or inhibitors of respiration such as oligomycin A, rotenone or cyanide. The kinetic profile was compared and contrasted to control (cells without addition of any factors) for approximately 3
hours. The profile of PCN alone and PCN with methylene blue are very similar for the first two hours and with oligomysin for the last hour (Fig 7a) . Collectively these results indicate that PCN in part generates singlet oxygen that causes limited oxidative stress at the mitochondria, affecting cytochrome c oxidase and complex V. The use of oxypurinol was not designed to shut down nitric oxide (NO) synthesis, since NO was used as an assay, it was designed to slow down NO in the cytoplasm, leaving NO synthase (NOS) as the major enzyme in the cytoplasma and complex IV in the mitochondria as enzymes capable of synthesising NO. Co-addition of oxypurinol and PCN causes a slight decrease in NO production (sample C4) confirming that PCN does not act upon xanthine oxidase. Oligomycin A is a "leaky" inhibitor of complex IV on the F 0 side, reducing adenosine triphosphate (ATP) production and reducing but not stopping electron flow down the electron transport chain. Rotenone on the other hand, inhibits complex I to ubiquinone electron transfer, reducing ATP production and stopping respiration, although electrons build up in the mitochondrial matrix that reduce molecular oxygen to radicals. Co-administration of suboptimal concentrations does reduce NO levels but not to the extent of methylene blue, suggesting that PCN acts further up the electron transport chain, but like rotenone contributes to the formation of radical oxygen species that cause oxidizes stress in the mitochondria, which in D r a f t 14 turn reduces mitochondrial and overall cellular NO. Lastly, sodium cyanide was used as reversible competitive inhibitor for Iron center of complex IV and stop electrons transport to complex IV. The drop in NO is more with cyanide than PCN alone and gets more pronounced at around 2.5 h. To determine whether PCN is contributes to reduction of oxygen to oxygen, or generates singlet oxygen, other known standards were used (Fig 7b) can also be a "stored source" of available NO by reduction of nitrite to NO by cytochrome c.
Conclusions
In-vitro toxicity data indicated that PCN-95 IC 50 (20 ppb ) is comparable to, or lower than the current first-line drug formulations. At the higher doses, the kinetics of action was found to be approximately ten-fold higher. These biological effects may be attributed to the unique n-topic
TBAPy ligand bridging to a µ 3 -centered cluster, in addition to high crystallinity and high aspect ratio. The latter factors lend themselves to high MOF-cell surface contact, which in turn leads to high degree of catalysis (e.g. depolarization of the mitochondrial membrane from the lactate dehydrogenase assay and inferred oxidation of critical proteins and DNA, using the ROS assay).
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